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ABSTRACT 

A  seismic location study has been conducted in a conti- 

nental region, Central Alaska, to verify the general applica- 

bility of the travel-time anomaly technique. 

First, using local stations and estimating event depths 

by observing pP, a set of earthquakes in the Central Alaska 

region was located with residu.l travel time errors attribut- 

able to reading error. The distribution of anomalies for 

teleseismic stations indicates that the Central Alaska region 

is composed of three subregions between which the anomalies 

vary by as much as 5 seconds for some stations. Some events 

on the edge of the local network may, however, be raislccatcd. 

Such an error could suggest an anomaly change where there was 

none. 

The si^e of one of the subregions, Alaska Range, is about 

150 km by 150 km, across which constant station anomalies are 

apparently valid for locating using a combined local and tele- 

seismic net. Within this subregion, the event depths vary by 

about 40 km, from 85 km to 125 km; this suggests that no signi- 

ficant anomaly change is incurred due to depth. 

Using a network comprised of both local and teleseismic 

stations, and applying as corrections anomalies determined from 

calibration events in each of the three subregions, the loca- 

tions of the other events shift less than 5 km from the local 

network epicenters and the standard deviations reduce to 

acceptably low values. 

A comparison of locations obtained using a local network 

with those using only a teleseismic network can be reliably 

<s. 
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obtained for only two events. The shifts from the local loca- 

tions are 3 and 11 km with anomalies, as contrasted to 39 and 
25 km without anomalies. 

There is an indication of an average teleseismic bias of 

13 km to the northwest over most of Central Alaska, thus 

suggesting a large anomaly region. Teleseismic locations 

obtained with a set of average anomalies agree as well with 

local locations as do locations using anomalies from events 

in each apparent anomaly sub-region. 

.' 
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Studies of travel-time anomalies' and their effects on 

location accuracy and network stabiljLty have been conducted 

in several epicentral areas. For example, at the Nevada Test 

Site where the data set is comprised only of explosions, the 

^technique of using travel-time anomalies as corrections can  _ 

reduce location eVxors by an order of magnitude, from 2 5 km 

to 2.5-3.0 km; furthermore, location Bias can be shown to' be 

a function of the particular.networkr used for locating    •*, 

(Chiburis, 1968; Chiburis and Ahiver, 1970).      J' 
A • .    - - '". 

If the event data are comprised of earthcruakes, location 
.    ■ « . f     . 

accuracy cannot be assessed in an absolute sense bccausie the 
^*. ■ ■  . ^\ 

true locations of the events are not known.. That a significant 

error is incurred when locating without trave-l^ime anomalies in 

a region suefi" as the Aleutian Islands has been demonstrated by 

locating JLONG SHOT, an underground uuclear explosion on 

Amchitka Island in the Rat Islands, with a 329 station network. 

The resultant location error (with depth restrained) exceeds 

20 km (Lambert et al., 1970).  As part of a recent study, 

Chiburis and Racine (1971) took several stable subsetlp of 

this network and showefi that th6 resultant location errors of 

LONG SHOT were variable both in magnitude *and direction, 

frequently exceeding 30 km (but also coincidentally as small 

as 1 km) and generally random in dixectibti,  although thjere 

was an apparent northerly bias. From theie  results, it was 

established that atcurate locations are [not necessarily " 

achieved stmply by having a wjell distributed network. In the   - 

same report, itl was further shown that location consistency 

for a selected set of earthquakes' across the AleutiarKlslarids 

region could be obtained if travel-time anomalies were 
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functionalized  for each station  recording all  of  the  events; 
fhis  consistency was manifested when,  by using network subsets, 
a-small  cluster^of locations was  achieved for any event,  and 
vihen each of the  locations  displayed accppt^ly  small  least- 
squares „time errors. - / 

Therefore,   the   technique    of applying travel-time  anomalies 
even  if the  anomalies  are  determined from an unknowi/or mis- 
located event,   is valid  for improving location accuf^cy 
(although perhaps  only relative  accuracy)   in  regions  such as 
thevNevada Test Site and  the Aleutian  Islands,   ß/th of these 
regions  are  quite, different  geologically;   thV^vada Test 
Site  region is  in a Basin  and Range province,  whereas  th6    ' 
Aleutian Islands  region  is  a  typical'island-arc  structure.     , " 
Although the type  of structure  im the  vicinity'of the  source ( 

rggioa should have no effect  on  the  applicability of the 
anomaly technique,  especially if only teleseismic stations      < 
are  used,   it is necessary  that  the  technique  be  tested for      ' 
events -occurring in a ^continental-type"  s^ructu're  to Wther 
verify the procedures.  Therefore,   one  of the  objectives  of thp 
present study is  to obtain an event set from a continental 
region,  such as  Central Xlaska,   and investigate .the  variability   * 
of observed travel-time  anomalies  at both local  and' teleseismiq 
stations  as  a function of event »position within  th^eregion.      - 

Another objective  is. to use/events whose  depths  are known 
principally  fronTidentified^depth phases   (p?)   and- attempt  to 
discern  any anomaly instability or change  as  ä  function  of 
depth.      . ^0 -       , 

A third objective  is- to  investigate  the  lo^tion Capability' 
of a  local network (all stations  with less  than  r,000  km epicen- 
tral  distances),  and using  anomalies  determined from the  local 

network,   of a-combined local  and teleseismic network and o? 
a  teleseismic only network. 

^ /. 
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REGION  DEFINITION AND DESCRIPTION  OF  THE  DATA 

defined aTthat  thiS l*^'^*  C^  A^a "region  is 
refined as  that  area between Latitudes  62°N and 66°N and 
between Longitudes  I46°W and 154°W    the  .h.H   , 
Figure  1   <;hnw=   *i ^     shaded portion  of 
figure 1 shows  tl     region of interest, /- 

4  5 or
The" 3 V"^5  SeleCted f0r ana1^-  were  of magnilude ^ 

^     4.5 or greater as   reported by .he National Oc.an Survey   fNOSl 
rellminary Determination of Epicenters   (PDE)   list    f        he^ 

-e period l964rrhrough l968^Fig.re  2  show    t      L  ri 

butxon of the  33 events  within'the area of '.interest    alo     N 
^eluded on  this  figure  are  the event na^.^ ^       0       X 

:: sth:n:v:;ro"£oot^ntourstin the A
^ ^^iLr gives  the event parameter as  reported by NOS. 

•V thThe T10^  SeleCted '" the  V"l0"s "«works total  Ms' 

WW      ^"s ',54  are """ ^^ Sta"d"d ^»1* S    U „       '. 
Hvll'JCl        S      T S'i'*i"**>"*™'*  Citations, 

the  , ^    -        8 and A0 SUbarra>' '^ instro.e„t>from the Layge Aperture  Seismic Arrav   rtA<;Al   •N-., entstrom 
VB?AVK I «rray   (LASA)   rn Montana,   five are 

Ihe  GT r'        ipS   C0BSV)     and ^ ™  ""ions o^er ted by the  G      h      cal te ,?f the ^^ ^ Aia      a    ^  X 

Fairbanks. "      ; "V i 

Seisraogfams   receded at  the  above, stations were  read  for 
P-wave arrival  times   fo^ as" many of the events  JTI   ^ 
possible^The  distribution of .he  122« ! ^ I  " 
and event L     u    ^  • 228   re^ings  by  station dna event Jfc  shown  in  Table   TTT-   +U~ J- 
st^in.  ^ • iaDie.III,   the  reading accuracy by 
station type  is  estimated to be as   follows-   LASA an/nn 
tory +0 1  ser-   IRQM +n  -, , «AXOWS .   LAbA and Observa- 

^      V    0.1  sec. LRSM  ±0.2   sec;   WWSS^ ±0.5   sec;   U of A  ±0.1   sec. 
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., TABLE I 

Event Information Reported by the National.tOcean Survey (NOS) 

Event 
Number 

Event 
Date 

29 Oct  68 

Geographic 
Region 

Origin 
Time 

22:16:16 

Latitude 
(NOS) 

65.4N    • 

Longitude 
(NOS) 

150,IW 

Magnitude 
(NOS) 

6.0 

Depth 
(NOS) 

1 Tanana 7 

2 31 Oct 68 Tanana 00:25:45 65.4N 150.IW 4.5 16 

3 06  Feb 67 Fairbanks 14:48:40 64. 8N 147.4W 4.5 53 

4 21 Jun 67 Fairbanks 18:04:49.5 64.76N ,   147.37W 5.4 17 

5 21 Jun 67 Fairbanks 18:13:02.9 64.76N 147.37W 5.6 17 

6 ,23 Jun 67 Fairbanks 11:54:33,5 64.82N 147.45W 4.6 9 

.7 08 Sep 68 Fairbanks 16:22:58 64. 8N 147.6W 4.5 12 

°8        ; 07 May 63 S.   of Fairbanks 05:16:21 64.5N 146.9W 4.5 33 

9 30 Jun 63 S.   of Fairbanks 05:18:09 64.4N 146.9W 4.5 27 

10 06  Apr 63 Alaska  Range 11:19:23 63.4N 149.5W 5.5 39 

11   ■ 06 Apr 63 Alaska  Range 12:07:10 63.6N 149.5W 4.5 55 

12 02 May 63 Alaska  Range 23:13:13 63.2N 148.9W 6.1 81 

13 22 Aug 63 Alaska  Range 03:58:43 63.2N 148.5W 4.6 101 

14 14  Dec 63 Alaska  Range 07:51:08 62.7N 149.5W 5.1 95 

IS 14 May 64 Alaska  Range 11:55:28 , 62. 8N 152.3W 4.6 15 

16 29 Jun 64 Alaska Range 07:21:33 62.7N 152.0W 5.6 33 

17 06  Sep 64 Alaska  Range '17:36:44 63.IN 147.7W 4.8 33 

18 20 Nov 64 Alaska  Range 21:27:40 63. 7N 146.5W 4.6 80 

19 2 7 Nov 64 Alaska  Range 07:47:08 62.6N ISliSW 5.4 113 

20 21  Dec 64 Alaska  Range 18:32:03 63.IN 1S0.3W 4.8 111 

21 08  Feb 65 Alaska Range 03:37:35 63.4N 151.7W 4.5 31 

22 08 Mar 65 Alaska  Range 12:04:21 

23:1^40 

62. 5N lß0.4W 4.5 104 

23 26 Jun 65 Alaska Range 62.7N 148.7W 4.8 33 

24 16  Oct 65 Alaska  Range ll:45:Wv 63!lN 150.4W 4.6 84 

25 24 Nov 65 Alaska  Range 08:22:39 63.2N 151.0W 5.1 129 

26 11 May 66 Alaska  Range 01:26:24 62. 8N 150.IW 4.7 91 

27 3 V Mar 67 Alaska  Range 04:18:31 63.IN 148.5W 4.6 83 

28 05 May 67 Alaska  Range    ? 17:06:15 63.7N 148.5W 4.9 102 

29 06 Jul 67 Alaska  Range 15:06:13 62.4N 147.4W 5.1 59 

30 11  Oct 67 Alaska  Range 07:56:36 63.ON 151.IW 4.6 115 

31 10 Nov 67 Alaska  Range 18:29:57 62. 3N 151.4W 4.9 90 

32 04  Dec 67 Alaska  Range 08:19:09 62.4N 151.8W 4.9 96 

33 28  Dec 68 Alaska  Range 04:15:55 63.ON 148.2W 4.6 80 

■ ■■ 

.. . __ _._..  ' : -.  .M 1  ... ._,._ .._■:   ■  ■ ■ ■■ .... ii. 



t 
■ 

i.MiiMMiiiiniw'ninniir[»T~ini-r-      ■    ■ ■ 

I 2 to co to s to 10 2Lw <to<2>ootnsrtostou)totos:>stos:s:to^.^zto^z js 
tfi to to t/j to to t/i uf w iMOiiwt^iwtotowtototototoi^totototototouitotototototo to 

: X a: X OS: ooiBas: 

3 M 
e a) 

•H O 

u 
rt E 

c 
o 

>; 

.H»DCT>K)loaiC7>00L0'«tC3rj"!fr-~r~irju0r-lOvOv0^1or0pf0r-jrj MjN T Oi Ol LTI rj INI  rj 

roOTto(30oOi-(Lnvoi--iNiiorjLnMr-oo«tLnrjrHK)LO«TaoL^r-(KiO'r-ToorHKiriooro 
«»CMiHCTioi^oor^OiHOiLr>oirgonHcoa>Oi>ooo>HroKioiOrHa)Nr-goiiNior-ioMoo 
M rH      ,-( (M   r-l rH <N   rH   iH ^-( fH N   HH   rH iH   ^H -H   rH «H   i-H rH M 

<Njr-~rooo>Lncn^TtvOKifOOi-<K5rgvDCTii>aiivlLno-Ti-i"*oorj^t<NioovDi/ivoM 

i-HOIO»rrgo01-iOr-('J-r-(0>"»vOCnTfhOLniHt--Ot~-lOiHOOOOOOr-vO>0»rfOMr^OO»t 
i—(OrHtOf-HvOO,Oh-.rO\oo\OO^Lnirtooooo\c>rjroOLnt^sOiNjtocnrvirj^(r-i'«tmo^t 
(MMOTfTtttr-or-Mr-ir-ioor^ooirti-i^t      Lor-.rHi-ii-HOiooiLn'a-mooroKiui 
rg <» oo ui LO oo >o io oo      "1      ui fM oo o LO oo ui rH      vo (si >3-to •<» rt un to to ro M «t vO LO fo 

rHtOOP^tOI--iHC--£>rJ»T(NJOa>OOLOLOlAvOrHOtOIOO>'«tr^r^(NtLnr--(Nl>-ltNjrjtOrJ>0 
\OlO<St^iHO^-viJtO^OtOO>rHQOLOK\OtOO^tOrvJrH(Naor»*fOOl/irgr--rHl/lLO*t^?-rHi-) 

oo t~- M.ir» LO LOvOI^Or-tvOLO^OtO 
rH (Nl rH 

i-4i-'Ln**-rHvOfvJ^ttOCTi^H(NJ 
tf rH N <H 

O I-- 

e o 
•H 

i 
HH  (4 
HH  O 

IH w c 
■J  HH 
« 
< c 
H O 

•p 
to 

e 
o 

000000000000(^40000000 Q.O ooooooooooooooo o 

LOOrHmoor^r^i-^aioo^'M>oo«j-OrHCTi\oO'OOrMOtoiJiMooooooi^^foovOvO»o 
^tOrHrH"»»riOrjr^LnpHTftOfNimO«ä-tOtOOtOOrHiHr-tiHOrHO«*MK,)»»i-(rJ><J'0 

or-*>'Oi-~«tOi-HfonLooooootooooinmLOh-.\o«(vJ«trHr-iot^oor--rjtnrjiMoot~- 
«trMMf-JOl0^tntOrH<s»LnpHiHOtOU1LnrHO"»rJrHrJtOLn<*LOV^-tO»tlO(-(lOrHrH 

vooto^-voo^tooOitnomrHrN^rHoootoi/ii-^tMto^OLOoo^j-t^fSLnLnoKirvi/ioo 
IN. O rH 00 OOr^OrHrNLOOO^OOrHrN-rHIN-SOOOrH^tiHfNIiHOOOiÄrNOrHOrHOi OOrH   «» 
rHlH iHrHrHrHrHrH fHrHrHiH (HrHrH rH^H 

OOOOOOOOOvOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oo^'Oooo»^otoairHO»ONOvoroor^^j-tooooCTt^rHrsj>oa)tor>jotNooOLO'Or- 
rOK>iHOKllO^'LOtOfM^-OLnLO(N|0(M(NJtOOOOO«tf,^'Ln^tOLO^'^ttOl/»0^,K)0 

rgvOrH^^o^f^oprNrorgorNOrNvOiOOiNo^trHLQ toVo o»o^fpNrHrN(Nir*jo»^o^f I*» 
Lnmr^r^^-Ncviroirtr^mio^tLntototoiotoioio^ttn^-toiomi-itNifHtOrHmi-t^t^LO 

cH^rvifOtvivo(sjLoooo»iN.rorN^t^'LnOiOvot-N^Lo^'(MLnor^.^rNOO»o*\OLnria»^ 
tntO*tOtOr-tlOtOOU>tO\OIO«tO«»K,)rHK»\OvOLn^ftOtOTf'')"!ftO»t'»-tOIOiyilOKlvO 

/ 

o 
u 

•H 
X 
V s 

;     M 

»rH   O 
4>  (4  0) 
a 4J u 
O-HH 
u 
0)   .eg 
3 (« •u 
tfi-H   C 
3-H rt 

■H J3    3 rH 
Ti rH   (TP 
<<<< 

•T3 
c 

rH 
in 

n 

t« 
in •« 

in m 3 
see 
rt-H >< 
XI   CX«) 
id a« 

rH -H 
< rH     « 

•H  I« 
• J3.H 

XO.X( 

P o 
M'HU 
«U   l 

•a i« 
c o-o 
rt -H 3 
X 3 S 
O t» h 
rH   «   O 
< BQ cq 

0> 
c 
o 

14 
iH -H 
I«  I«        18   C 
c ^: i« ^i -H 
i« in -H in bo 
U rt C rt (-1 

rH   OOrH ^H 

in     -H 
4J     .>     .*J 
X c m in 
eo-H   «TS v 

■H I« OO'H 2 
0)  4->   tM   C 
X C 3 i«    • 

3Ä «  X 
mom      a) 
OS^^rH 

x>      u u ^ 
rH OO 14 14 U 
I« 'H t-( rH U 

oq CQ CQ OQ OQ 

•H   C 
-Q n) 

CEP 
O  3  C 
OOrH O 
V   OS 

o 
-c 

. id id 
^   M   B 
m o a) 
^ as N 
id o o 

SQ CQ BQ 

c id 
Cd <H 
> « 
rH 3 
XN 
m a) 
c c 
c «> 
«>> 
a. 

« m 
C id 

■ H O 
rH Id 
IH    ^ 
u id 

id 
■H id 
c ^ 

•H in 
oo id 
^1   Id rH ^ 
•HT3 <   h 
> id     id C 

C   -E O 
»id <-> C bo 

(XU m J) u 
id     oa u 

CJ    • Q,      O 
U 4J     . 

13 C 3 B    • 
C -H o V m 

, id s      OO'H 
iH U   Id rH 
|H    U   O0J3 rH 
U   O  4)  C  t« 
A  CXrH  a>  > 
E    (XrH   U.U 
3  O O O O 
uuuuu 

id 
XJ 

o O 
u ♦J.            •« 
in ■H                  C 
in C          -H    (d 
V id      ^ »H 

id C o S      3 ^ id 
■H   C T3 o o ^ 
CD« *■ id in u in 
(-H.* u u o id in to rt id 
o      m m o o 4)13 -H       E rH 

MH   «id 19 >- rH Ä i- id Z   «id < 
•H    IU   t- X o id <-> >      *■> j3 id 
rH rH J3 0) 3U ♦J e «>   «-H idu n 
Id rH   «• H 4) D •H Z   O   3 rH   Id in 
U'H Z z   - id     ^B<> ^ > M o u   -o v     « C 
• c   • m - OO X«   Id   B rH     »Z id 

o e 4) id ■H e nl M-H id 2 xi 
CVH  «J  rH J3   Id 3 «J 4> m 13 id   • ^i 

ES   0) rH rH   M OOin   V, rH ^ **   X ■ H 
Id   U   tl id «  3 3 id  3 rH  in 3rH id 
usuoaaawwwwwu u. 

' 

u o 
e w 
o id 

•iH c 
*J   0« 
id-H 
+J m 
to 4) 

Q 

tO rJ »J > 
HH < U » 

i era -J N u u i a. u <>os i 
<<<;<;<oaoacQ«oQCQ«sQ 

< a. < > 
j     « uoz xo 

: u 
HI ■ o 

:S <z < 1^1 W4 ^» \^ <S *^ fc.w *. m~ *c 
t/o u M" i otf i u -J o. a; i w i -J i   i o i   t   i ^ . 
soo«<usoooa.o.a:<xo:3««zto3x OQ BoamoQuuuutjuuuuaaQQujuJwujww a, 

/ ■ 
■ 



... . ,       ^   .. ... 
■■ - 

■-       ■      ,      .■-      ■,-■■: ■ 

' 3   W 
E   U 

r 
c 
u ai ai \D ro 
c^ •   •   ■   • 
rt B o (NJ o a» 
VM to ^t t r~- 
IA *—' O^ O SO f—( 
H M rr to to 

« =o r- oo =o o, o o^ ow ^ o, .o 0^ a, ^ 0 ^ „ ^ ^ ^ ^ ^ 

wKia.^o>rHO>SS!o^SS^SSS^S^^^v0v0^rt':f'f'-,0' 
e»IMOrH(NrjOl-.(M^fs35^SgSI2^S^t"<NI,~"0rj0>00>^ Oi r-~ T 

00 O 00 
1- VO K) 

0 
o 
U 

03 

en 
e 
u 
o 
c 

c 
o 

I« 

c 
o 

oo^oocooooooooccco      -'^^KSSSSSS^SSS^S;^^^^^00-^^ 

X 
Sg.SSSgggggggggggggggggggggggggggggggg 

"" r-li-lr-li-l rHrHrt iH P-) 

§«§§§§§g§g§sg§§§iü§ggig§ggggg§§ggg§§ 

«J o 

O v) 

d 

h X 
•H   V 
> H 

cS2 

a e 
» « 
O i/l 
*J in 

C M 
I« o 
I. PH 

JS w • 
rt m c 
W u o 

M 
. «(J 

ii a o 
U —I  *J 
O rt to 

-I  k<  o 
U. LL, U, 

rt rt rt <fl 
rt C C C ß t3 
C n o3 en rt c 

rt o «J *J »J *J nj 
C N c C C CPH 
ed .H o O o O e 

C < j) 
O *,«>«« ^ 
S   • x x >, ;KU 

^ +J +J *J w 
• 1« .H -H -H .H     . 

JC « u u u (_) e 
MM j. 
X in in in m m A 
in bo q> a) Q) o X 
It   !fl rH i-M -H ^ 13 
O i-( -H 'H .rt 'H   O 

c 
o 
BO i 

■H   CS 
XJ< 
in in 

id cd a) 

o     < 
N     . 

■H   C     . 
M > in 

•< O,* 

• a> id 
41  O0J2 

O   O 'H 
-H CJ id 
u u u. 

c 
id o 
C (d in 
ma -H 
*J   Id r-t 
C h cd 
o o u 

SBrH 
o   • 

• U  01 
1)       c 
>   »o 

•O «j in 
(ST)-ra 
«><-( rH 

■H  O   O u u u 

id id 
•H  *J 
c o 
id ^ 

w > cd 
Id rH Q 
X X 
oi in .e 
H q « 

C   IH 

• u o 0) o. z 
a 

o> h cd 
are e 
n » c 
IH   O Cd 

o> id 
o o c c 

•C X 'H  O 
cd cd cd N 
^ T3 S 'H 
MM p 

-< 
'    •■    * C 
XX o    « 
0>   0)   4-1   h 
i-l r-t i-t   0> 
•H .H  3 J3 
id cd o Q> 

•r" 
h 
3 
0 
<n           X 
in           cd 

cd cd cd id •H              4 
2      a G*J c S         -H   £ 
C tJ   Cd   Cd   IH   O ■fl -rt  O 
Id   C  +J -H   0)   N > C  03 2 
♦^ id C WXI-H in Xcd s     J: 
B rH   O ^H 1H   IH «  +J r-t   M      »I« o ins 3<< 
SM      O 

X •H BX oa w 
« U -H        U 3 

MNJ        M      A H U.     «OJ 
•■H   B         IH  0) in      cd xi   • 

o) »H cd   * a> E cd   • B, in x) 
IH   id X  Id   D. o O in o cd oo cd > » in B in h B B  >   D, fi   B 
M rt X o> id 0) 3 Cd  0) -H   O   nl 
BÄS-i^^^x^x«^ 

B2 
o cd 

■H   B 
♦J   M 
Cd 'H 
4-> in 
CO   0) a 

O       S-H 

O M ISI M »»• S    1    O O S'-HS-3<<HS H O. 2 w M s < 
—4 O     i      I      (      I    CSI ' > a, z 

w a. « =3 u w w o 

J 



•   

, 

oJ    to to t/5 to w w M w 
t/5<2SWWSt0StOt0<t0t0SS2'-0ZXt0t0St0t0ZuiZSS«i:i/lto-?i^co!r 

J= 
*-l y 4 

3 0< 
B 4) 

■ H Q 
N ^—^ 
< 

/—j    '»'0''>'-i'NJ«tr-iioo)i-(i-^LO'OiooorMt--(OvDr-Ln»tiooooiOLO'fl-«9-r^Lncrirt^H«Thoa 

LOO>rsii-.oK)CTiv0^0r-vOLOt^rgvOvOr-((OiOisi(vivo«* to 10 rg 01 m r~. r-I KI rj r-.' o ,-H oo 
r-4C>(N(MIOrHt^iHOIOt-LOCT10irO<MK)rslIVI(SI^HrH(sl OOrHO—(r-lrH«T-trOtNIM»to 

<v»IOtOLnrHlO(SloorOt^rJ^-OlvOinu1cni-IOr-(0>tO«»1OOOOCnr~-vDrs)r-l«TrHOOi-lfM>0 

oooorotviiorHvo<si<\ioor~-ooTta<oOLnor--oo>0(sitooorgioo>ocnoaoO'Hoo^'«» 
KlCTlTfl0VO\0r-lrHO^-ti-(u1inOOf-IL0Q000OmrtCI>I--K)0>10TtOrgisil0^DO00«t 

(M O» UO iH to 01 o o ro ^ »O O rH m O GO 00 Tt 
«■KIIOKIIOOO^t^tOtOiHOLOlflLOrHi-HK) 

0) 
u 
c^ « ■ 
V J4 
in Ö 
•H 
a 

^■i-4lOrHiArHOvOf-4rOO 
(NJ 10 *0 O 00 ^*- 
00 r^ r^ 01 m ^t 
CTi r-. rg o o ro 

• O 

- *J 

C B 
O I- u o 

w   o 
J     -H 
«   w 
<    c« 

CO 

(3 
o 

• H 
4->/-- 

>.» 
a> . 

r-t 
w 

>o^u)ou*Or-OMOOooor-Tf<NK)Oooounocn(MKiuir-t^r^LnoooorHK)<»-io 
■»toovOLooooocnvor~Or^r-(rMO>ooM'OcMi^totnor-ioOrH«»oi>o-r-ooi-ii-(oow 
1^ in !-> 00 o M (VJ o» •* N rj LO 1«. rH rg r-01 to ^ M m PH o t--rH 1^ 5^"S 

»H fH        M fO f-Hp-trH rsj PH 

000000000 0000 00000 ooi~-00 000 000 000 000-» o 

OOCOlfl^MiHOt^OOMO^MNOLnOOtOrto'oo'uiorvlMM^tOM^'oÖlNOfHlT 
0(Nin^io<TMO»f<tovM(MinioKiOM«troOfHOovro(N^-^-(Oi-(OOOrtO 
!5I2!2DJ2 2'^<^Sl?','i2*^",,H21/"%-,0'w'^0r^,s,0»,^'0'»--<oiooo.«oK>r-org 

(MOOrtrMoor-ovooM^oomrHrtNr-oor-rHMfMr-rtooNPgo^-TtOrtloino 
rHFHp-tr-( iH r-l rH IH r-t rH        rl r* rH .H rH ,_, ^ ^        ,_,        ^ ^ 

OOOOOOOOOOOOOOOOOOOOMOOOOOOOOOSOOOOOO 
■•••• •  

Op-IOrJOKJiHOIOIOOi-lfMulrSiHVOOrjr-tOOtOOLO^MnrgOOKIrH^-i-lJNUI 

!25SS2^:!?i2l/?K,0,0'S,'*v0*M '-*',t <100>>0'flO«»NO0>0>>p(N^00>OrHr-tfM 
CN^tNIN^rHrHlOiH^^^NinrgOrt^in^LOrOr-tMOOrOlOinJB-Oe^OIOrHlHf-I 

t^^-f0MTtrH«-r0rHI0rHvO«-«»-r0Tfr0<MMK>rt00t-vOWOMulinv>Oo5TfMoI* 

o 
u 

c « « 
cd e u 

c « 
« e » 
a> o v 
t-iZZ 
u 

«>s c« 
C •»-> 4) 

•H -H U 
4iU  3 
O hi 
H WU 

t) 
O.1H   VI 

a c u ^ 
C   O   0-rt 
0 VOX 
N MM V) 

•H  C  >   ft 
I- -H 1-1 a    cs 
< JS (9 « ifl -H 

«IMS « > 
•« K-H 

. X* rH  »   « PH 
a>    w 4) H o 

iH  4>     •> • 
19  M  «    -M    • 
t» 'H a e u N 

a rH  O  O  <« 
oe so rtxi ja o. 
S S O.VI A 
0 O <« -H 3 « 
_J_U J _J J 

VI   I« 

C   VI 
•H n 
a-t 

•H i-t • 

tO O. 4) 

<8 cd 
MiH U 
Cd -H VI 

■H e o 
cd cd o 
zzz 

(9 

o 
VI 

a 4> 

vi e 

OZ 
u 
in   •« 
•H   VI "W 
* -H  cd 

rH  > 
« O  4J 

e 0.2 
o cd 
V)  u    • 

•H c ed 
•o c c 
Id -H -H 
zzz 

o a 
ja u 
cd o 

1-1 .iH <d 
rH -H 

M id *d 
4)U  C 
S       M 
o   « 
So« 

rH -H 
ßrHÄ 

•rt -H r-t 
cd > 41 
«->  V) Q 
C X 
3 t« » 
O cd 4) 
ZZ2 

cd id 
c c 
o o 
N N 

•H -H 
U  Ui 

•<<: 3 
u 

.   . 4) 
■H -H 0, 
c c 

•H -i-t • 
rH i-t cd 
N  N  C 
19 id (9 
222 

3 3 
rH rH                 Id 
OO                 4) 

4> ■ H 
VI .   .            3 

"O  U •H +J *. 60   u            e cd 
C   4> Oi'H -H   C   Cd                              -H W 

C9 cd '-1 Q,U  U-*M  *        a       19  0 
•Oi-I ■H 00 oo  e m 4)       0 C +J ^ •o 2 c » VI                 Old2rHMCd-HCd 

C   C'H   « VI     .    «XrH          19   4> «J   t-i O 
•rt iu 4) * <   •ethtnca C9 19 U. 2 

rHU                 XVIbOM                >s 3 O 'H        J3 
K       •  «id w  >-  ^     .   ^J3 «       J<  » «J 
4)    -H   06» ■H  O  O M   4>  W   (-    . 19  4>  3 
4)!>s>hl-Z«J4)        S  4)   O  Cd. 2  O 
^ id M 3 0 UUUOkiO.0           to 
U«  19.02 rHO  O        «J    «   « 

•i-> in -O   4)   4>   19        Z>4)ldrH« ••a-H c  . h   U  U -O   O         OrH4->300 
•OrH a 4> 0 OCC4)(-*-'WO*Jc9H 
h.SKi-ai-ttM.H.rtB'MlHt.eu^Tl 
0 0 3 oein ,' u u M <ü a a u n m M 
2Z20ooa.a.a.a.&ie.a. c« a; 

u 
o 

a « 
O id 

•H   R 
*->  0( 

<-> in 
CO  4) 

Q 

ZN S     > 
2< 2      B9 

L3 O   1     1   2 tO   1   OQ   1   -J 
i-"<uooe.tosNrf 

2 2 
: QS 1 a Q 1 u. 

OQ« k 
os a 
o        to 

IN IM Q U O   1   W CQ 
iyeS^g^Qjj^oa-sBoSüÜM^ZHHSSö ^ Z 2 2 2 2 z 2 2 o o o a. a. a. a. S a, a. o-S o; 

.. ' 



■v- ,.■.» , 

1)      S 
DJ    in 

3  M 
E <U 

■H Q 

Hi 
<J O^ rH Tf 
e '■> •     •     • 
cd E r--  IS! rH 
*-> -it rH ^H CO 
t/1 ^-<' ^ (N (N| 
H Ki »r to 

N 00 00 i-l o 

m t^. m 
ro tn r» 
rsi \o r^ 
to rt to 

r-t O 

C 
o 

« r 
>; 

-^ a • o 
"3 ■H - 4-1 «-> n| 
P e 
0 U 
u a 
v—' <n 

e 
►—4 M 
1—4 

a 
W o 
>J ■H 
aq 4-1 

r< a 

04 
c 
o 

M3 

o o o 
■HUM • 
»i 'H A • 
fl   X Q *J 
4->   «        S 
CSX 
O     *J -K 

»  t-  (U 
• 4)  O  U 

^! U 
14     •   • 
-J c ^ a 

O  4)   9> 
■a «-»TJ « 

a: os a; co 

<« 
c o 
C m 
a> « 
a. c 

a 

us 
oo     ca 
O • V 

r-t (U tH 
•H   X O 
o ty ^ u 

>s   « 
» CrH 
«J   41   3 
11! 4> O 

4-> <H 4> 
WWW 

« 
a n 
Or-t 
N< 

•H 
M     «C 
<rH ,1« 

1H   >- 
••H t-H ex 

i« 
e oo N 
OOC <« 

•H-H   I. 

v aj= 
WWW 

(0 
•H 
XI 
E 
3 
iH 
o 
u 

C h 

o« in 
■ a u 
O  4> 
-HJS 

JS E 
w w 

i 
o in 

v) N n 
rt-rt x 
* u v 
4)< H 

4>  4>  O 
w » in 
o o M 

■-l rH   4) 

a a a 
n 3 «t 
www 

u u 
4)  4) 

J0.O c« 
X <U  4)  p) C 
R 3  3 ^ t« 
rt crc in <-> 
e        me 
M • •»-* O 
4)  4<  4)< S 

rH r-(     •    « 
«•H -H  B  in 

«  >   >JC  ») 
t* U ^ O vt 
n) 4) 4) > t. 
QOM-I <M  4)  00 

<-> t« m ^, «J 
4J  41  4>  ^>  O 
3x A n u 
^ u u a» 
w w w w w 

o 
4J 
QO c 

rt -H 
CJS <» 
O mM 
N id in 

•H 2 nl 
t- i-H < '< «-> 
«4) « 

C J<i nl 
o in c 
in is « 
XC K 
rt o rt 

ft- H e- 

m 
tl 

•H 
•a 
c 

H-l 
IS 

<-" c 
C «• O 

•H  4)  N 

a u 
w   «< 

TO 
,    .■-«     . 

o-o c 
■a 'H o 
van 
i-l 'H u 
O h 3 

J2 
in 
ts 

a 
I« 

4) 

« w 

4> 
in 
3 

u 
«a 

n in 
» vt 
o I« 

■H +J C C 
I« e o o 
C 4> 4-> <■> 

4> (4 'H  4) 

a (4 
(4 OT3 
«-"J"!  14 14 
O 3 > S 
m Xi 4> o 
4>       2.C 
c   •    is 
C  4>    «FH 

■H in (4 ^ 
S (-. U O 

3 0 
■  »B 3   - 
>«     Be 
IM  4>  4>  O 
O 4-> C •!-> 

•«•rt B » 
XX 'H (4 

I ^ 
cd cd    * 

- 0^ 
X  N   BO 

3 »-.  h 
o< » 
w     c 

«•H 
•*  14 

U OX 
4) iH 
C in 4-i 
a a u 

•rt 'i-l   o 

o 
C 4-> 
O 14 

■H C 
♦J   01 
14 ■H^ 
4J in 
W   4> 

Q 

MH<H oS i M >      Q N -J : x z o w < < 
^««wwwwwwwSwSS^K^^^^&^go^gg^ow^g^lgog 

rw 

i 

        _.       :.__ I _. ■ .     .     ;....^.^!-^^ 



■ 

'-'•:::"   -^-v; laKBtimmmmmmmm&mr.a***,. 

c 
■ > 

c 
(9 

C 
o 

>s 

e 

0) 
w    > 
eq    ii 

4> > 
CD 

IM 
o 
c 
o 

•H 

3 

in 
•H 
Q 

89   330  8Z-££  2 

^9   380  fO-Z£  S 

Z9  AON OI-K  S 

^9   530  TI-0£  S 

^9   inr  90-6Z ° 

Z9   ^«W S0-8Z  ^ 

^9   JEN T£-ZZ  S 

99   -<% TT*9Z S 

S9  AON  fZ-SZ 5 

S9   130 9T-fZ S 

S9  unf 9Z-£Z ^ 

S9  JBw 80-ZZ $ 

S9  qad  80-TZ ^ 

»-9  3aa TZ-OZ ^ 

t9 AON ZZ-6T S 

fr9 AON 0Z-8T ^ 

fr9  das  90-ZT J 

^9  unf 6Z-9I ^ 

t-9  XBK H-SI S? 

£9 33a n-n S 

£9 Sny ZZ-£T ^ 

£9 ^BW ZO-ZI J5 

£9 Jdy 90-TT 5 

£9 Jdy 90-OT S 

£9 unp 0£-60- J3 

£9 XBW ^e-go « 

89 dag 8(W0 S 

Z9 unf £2-90 p; 

Z9 unp u-SO ^ 

^9 unf TZ-*0 S 

Z9 qaj 90-£0 S 

89 530 i£-Zo ^ s 

89 530 6Z ■TO 

bo 

o 

t 
u c w 
A ■ H 

T3 
c 
o 

z 
•H 

<-> 
C3 
o I« 

*H «J o 
•W e rt « ^1 

<->H 9) 
W •a 

% s. % ■>. N s 

S.S.'V  %%% 

"~i N. "v ^ N. S.-^ 

N. ^. ^. ^ % % .. 

% N>.  >. --i S. 

Ni 

"i 

^ 

% N. 

N. N. S 

s, 

•^ X -v S. 

N. N. 

% % 

"^ ^ 

'S. % ^ ■VSi 

^. S. ^s. ^^ 
N. S N.S. N.^. % 

s. 

% s. 

N. S. >w 

N. ^. s, 

%^.^. 

^. %%^. 

s s. 

N.^. -1.N.S. 

%% S.NS. 

% s. s.^». 

% ^ s.^ 

<^ M eg ,H «» .-H o» 
rl M rt pH IN rt rg rtrt rt rt rt rt 

^3 0< ><      W20Qia«j:rti 
0- U ,~> O 

H a.. s o: ^^ ^J.p:'£^•■*t-Jfvlt-,l    '    INI    i    i2«i    i    i  M to« i    iisirtn^.. 

■ 



» 

a 
w > 
U) 

•a e 
ID 

C 
o 

•H 
*J rt 
*J 

in 

>, 
XI 

1""^ • in 
•9 CJ 

e 
4-1 •H 
c H o u FH 

M > 

89   ^30   8?-£r   ^ 

-^   300   t^O-Zf  ~ 

19   AON  oi-T£   S 

Z9   jao   TT-0£  ?, 

/9   inf go-6Z  S 

Z9  XBM  S0-8Z   i? 

^9   -tew  UI-^J   M 

99 XBW IX-9Z  S 

S9 AON  frz.sz   5 

S9   J30   9T-frZ   ° 

S9  unp 9Z-cz   N 

S9   JBW 80-22   o 

S9  qoj  80.IZ   o 

^9  PSQ   TZ-OZ ^ 

^9  AON  LZ-6\ S 

tr9 AON 0Z-8T 

t-9  dag  90-Ll 

*9  unf 6Z-9I ^ 

P9 XBH ^X-SJ oo 

£9  aaa  frl-fl   2 

S,      %      %      ^N.      ^ 

^-      >>.      ^ ^.N.^. % 

^ 

^ 

"i 

% S      % . s.v.. 

^"^ %%->. N.      -^      N. 

^^ ->.     % N.      S.S.N.S.     N 

£9 8nv ZZ-JI o 
to 

< 
(U 

£9 ^«H ZO'ZT t-H 

> 
CO £9 Jictv 90-41 i-H 

1 
a. £9 X®1 90-0T r-j 

o £9 "T 0£*60 LO 
CM 

a 
o 

"< 
-^BW-VO-BO fO 

1] 89v •4.35   80-^0 00 

19 "Pf £Z-90 to 

•H 
Q 

L9 "if   TZ-SO LO 
'S- 

N.S.S. 

^■^N.^. 

s N      % 

s. s. -^ 

s. S      S. 

S.N. ^      % S. -« >. % 

N.%S.% 

s. 

N. ^^.^.% 

^ >» ^ ^ ^. s. s. 
1) 

^. ^.    %s 

>->>v      %>. 

% N. ^. % S. S. %      N. 

N. ^^S-S^S. 

%    s. 

L9 unr Iz.>0 co 

L9 'qaj  90-£0  S 

89 130 T£-Z0 ^ 

89 130 6Z-I0/S 

t 

> . ". ' ^ ^    "V S> S. N 

"^ N %    ^%    s. 

S N.     -v ■ %          s. 

> ■ • % %      N.%      %N.N. 

^ N.' N,     VS."   S.     «v 

^ ^ ^^ 

■*>> S N.S.N.      -^v,. 

N. S. N.% 

N.      S.S. 

% 

%      % S. 

s.    % 

^    S. 

'^V^, 
in 

hi oo 
<o C 

s-a 
3 <« 
2  V 

a: 

e 

tu n 

^.-A^v 

c 
o 

*■> 

VM 
o 
(- 

I 
3 

OJvOtvrooOOoeÄ^OI-VJOFHOl^HIOoOrttOKlWT^rM«- 
■^ N tO i-H i-l (M (M CM 

to i   i   i w i CM io T.u OI«OWIVD..JI,, 

oii-irMfMvOpHOao^ooao^l'iH 
r-t (N ^H r^ pH i-t rH 

Swa.    z    a.    So    S> 
'     '     I  0.   I  >   lU.    itOQ   i    i 
S£9U3:woi:x.jo.f,zu 
xxxwQ!«:aaoDQuou.u 

' 

■..:■■ - ■    ■' '  ' , ._!_ K 



c 
> w 

•o 
a 
n 
e 
o 

et 
*■> 

w ■ 

•   «i 
TJ « 
-      B 
W     -H 
C H 
O 
U     rH 
^   <d 

l-l -H 
«I ^1 
l-H        I* 

«       ^ 
«     > < rt 
H    » 

O 

G o 

3 

•H 

VI 
■H 
Q 

89 33a 8Z-C£ 

^9 3aa PO-ZZ 

19 AON OT-TE 

Z9 130 Tr-0£ 

^9 inf 90-6Z 

19 X»H SO-82 

^9 JEW It-a 

99 XBW II-9Z 

S9 AON tZ-SZ 

S9 J3o 9T.|,Z 

S9 unp gz-SZ 

S9 JEW 90-ZZ 

S9 qaj 80-TZ 

tg  aaa 1Z-0Z 

fr9  AON ZZ-6T 

fr9  AON 02-81 

► 9 das 90-a 

>9 unf 6Z-9I 

t9 ten pi-si 

£9 aaa fri-n 

£9 3nV ZZ-£I 

£9 i<EH ZO-ZT 

£9 Jdy 90-TT 

£9 Jdy 90-01 

£9 unp 0£-60 

£9 XBW ZO-80 

89 dag 80-^0 

„9 unf £Z.90 

19 unf tz-sp 

19 unf IZ-frO 

19 qsd 90-£0 

89 130 I£-Z(J 

89  130 6Z-I0 

QO 
Ml 

o 

Lrt 

o 

V 

N.^ %      %      ^ 

.1 

■t 

%      >^.%N.      %' %%%^      % 

^^.^^.^ "^ %     N. % ^.N. 

f^        S.V"V*»i v>.N,-s.N.%%^.^.^.     v^ S. % ^.     % 

% ^ % ^ % S    ^-v     ■ 

^^ s 

^^ ^"^ "^NVV N. N. % S ^. ^. S. N.->.     %% S.^.^^,   ~ 

\ 

' 

ß 

in 

o a 
■ •a 
3 « 
z v 

a 
o 

■H   i) 
<-> e 
M   (8 
^z 

in 
a 
o 

•H 
4-> 
1« 
4-> 

o 
I* 
4) 

■^ ro ro «t (M IH iH 

-JXJ 

jo*«Mu>uiLnoovOMunoinootor-.ouio»i^iH'»i^r>.^t--fM csj tn « rH 

'.- V 

^ 
,    . 

:\ 



■ 

'Mv.'ir   : ■.,:■■.,•:■■!•.•!■:"■*.«<■    :,■>;  iV,.   ;:"^.fl.;.^.'.-. ^ ■■    '        :;:>■'      • '       •' 

a 
o 
u 

A) 

> 
■H 
u 
< 

w 
J V 
pa > 
< « 
(- » • 

a, 
. 'u 

o 

B 
o 

3 
J3 

89   aaa 

/.9 AON 

Z9 »30 

19   inp 

Z9  ^BW 

^9   JEW 

99 ^CBM 

S9 AON 

S9 IDQ 

S9 unf 

S9 Jew 

^9 qaj 

^9 Dan 

^9 AON 

fr9 AON 

fr9 dsc 

fr9 unf 

^9 XBH 

£9 330 

£9 Sny 

£9 ^BW 

£9 Jd^r 

£9 -tdy 

£9 unf 

£9 XBW 

89 dag 

£9 unf 

^9 unf 

Z9 unf 

^9 qad 

89 1=0 

89 130 

82-££ ^ 

PO-Zi » 

0T-I£ - 
% s 

IT-0£   ^ 

90-62   ° 

S0-8Z   ^ 

K-ZZ   £. 

11-92  ^ 

"9t-£V 5! 

80-?Z   °      ^ 

80-TZ  ° 

02-8T ;', 

6Z-91 - ;^ 

"-si s ^ 
n-n «"    ! 

20-ZT ^    . • 

9o-n 5 

90-0i S 

0£-60 ^3 

^0-80'^'* 

80-Z0 ?^>^ - 

£2-90 Pi 

T2-S0 ^ 

U-tO   « 

90-£0  S 

t£-20 £5 -v 

62-10  S ^ 

>> 

•^ 
^ 

s.   ^-^ 
>k    >^ s. 

S, % N. -> ^ 

"    ^ 

S.      ^. 

X 

u at 
a a 

c 
o 

•H   0) 
*-" E 

♦J Z 
00 

m 
c    . 0 

■H 
tj     rslTtOiH<MrH«»<Mi-l 
5       -1        ^ 
CO 

<** ,     f 
o 

J Q >. ZH Q 
«.-^    uzaoa;« 

S 1 1 (N I I M 1 1 ,1 
•9 I-H ><U. D X i-H «OQ tj 
§   CforS-ISXCL. OS WO! 
Z 

^OOt-trOLOtOrHO^rHr^rHOOrHi 
rrt to eg to tO fS fNI 

iLOLor^|LntHrHooi-(t^\or^r^)-( 

S   ^§ > >^ H -JOH -ZO tslOMMSMMN^NtsJ« 
zzz    OB    uw3        su    < u < «: z < < <: u •* ■* z 

9 2>:i^2B,sati;ZZwows«!Zuo:-j-jti,o;(ooo,ue!o! 
Z2WtUOOtl.O«SXOtJWlI,ZWQZZS^U,3EO-JXU 

■ ■ 

/ 

   



9 

J 

The principal reasons for the different estimated accuracies 

are the differences in seismogram recording speed; however, 

overall quality of the seismic traces (thickness ti focus, 

etc.) is also a factor. 
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^ INITIAL  TRAVEL-TIME ANOMALIES 

•     Using the NOS  reported hypoc^nter parameters  listed  in 

Table   Ij  travel-time  anomalies were  calculated  for^all  sta- 

tions  and events.   Previous  experience  in other  regions has 

shown  that  the  anomalies  vary significantly with  location;-, 

therefore,  the  reported  locations wer?  used toseparate  the 

events   into  three V-ubregions  so as  to note  any anomaly 
patterns  across  Central Alaska.  These  three  subregions  are 

referred t(i in  this  report  as  Tanana   (which includes  2 events), 

Fairbanks   (7 eVents) ,  and Alaska Range   f24 events);   the   ■ 
dasne4--line  areas  in Figure   2  show  the  space  relationship,^ 

o£  the  three  subregions. 

Travel-time  anomalies  are  computed in the  usual manner; 

the  anomaly at station i  relative  to station  j   is ^ 

'vi/i  = Ti "   Ti   " Hi(A'z)   + M^z) y-s 

where T is station arrival time" and H is predicted travel-time 

for an event at distance A and depth z based on the ti-avel-time 

table of Herrin (1968). All anomalies in this report are made 

relative to statioh UBSÖ as a matter of convenience. The 

anomalies by event for several stations vare given in Table IV; 

these stations were se|ected to illustrate the! generally 

\poor consistency observed. With anomaly differences within a 

subregion larger than 4 seconds at teleseismic stations and 

6 seconds ,at local stations, seismogram reading errors can 

immediately be eliminated as the sole source of the discrepancies. 

Previous experience has shown that the" chief causes of anomaly 

Inconsistency are epicenter mislocations and depth errors 

(Chiburis and Dean, 1965; Ehiburis, 1968^Chiburis and Ahner, 1970; 
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^ TABLE   IV 

Travel-Time Anomalies  at Selected Stations  As 

Computed  from NOS  Hypocenters   Listed  in Table   I 

r 

No. 
Event 
Date COL NP-NT SCP TNN 

1 29 Oct 68 -2;44 -5.60 -3.04 -0.17 

2 31 Oct 68 -2.83 -6.18. -2.41 -1.51 

Ave rage -2.64 -5.89 -2.73 -0.84 

)    Standard Deviation 0.28 0.41 0.45 0.95 

3 06 Feb 67 -3.18 -1.34 -- + 1.62 

4 21 Jun 67 -5.55 -2.14 -- -4.56 

5 21 Jun 67 -- 
■A4, 

- - -- 

6 23 Jun 6 7 -2.70 -3.09 -- -3.23 

7 08 Sep 68 -- -2.76 -- -2.20 

8 07 May 63 -- . -- -- -- 

9 30 

rage 

Jun 63 ■       . . -- -0.63 

-0.63' Ave -3.81 -2,33 -2.0^ 

Standard Deviation 1.53 0.77 -- 2.66 

. io • 06 Apr 63 -- -- -1.28 

11 06 Apr 63 -- -- -1.05 -- 

12 02 May 63 

Aug 63 

— M -- -0.26 -- 

/    13 22 -- + 1.90 -0.55 -- 

./    14 14 Dec 63 -- -1.50 -3.44 -- 

15 14 May 64 -0.17 +2.17 -0.34 -- 

16 29 Jun 64 -- -1.44 -1.25 -- 

17 06 Sep 64 -- -1.29 -- -- 

18' •20 Noy 64 -2.27 + 0.51 -0.25 -- 

19 27 Noi^ 64 -0.76 -1.17 -0.58 -- 

/ 20 21 Dec 64 +0.14 + 1.31 -- -- 

21 08 Feb 65 -2.75 -0.99 -4.64 -- 

22 08 Mar 6S -1.68 -,- -- -- 

23 26 Jun 65 + 1.96 + 2.21 -1.42 -- 

V  I 16 Oct 65 -1.7S -0.17 -1.69 -- 

24 Nov 65 -0.91 +0.68 -1.37 -- 

'    26 11 May 66 -1.41 +0.71 -1.25 -- 

•27 31 Mar 67 -- -1.51 -- -1.05 

28 OS May 6 7 -1.78 -1.71 -1.45 -0.70 

29 06 Jul 67 + 0.41 -- -- -- 

30 -^11 Oct 67 -l.-ll ■ -- -1.05 -0.46 

31 

32' ^ 04 

Nov ^7 

Dec 4.7 
-1.35 

-0.22 

-1.13 i 

-0.22 

-1.13 

-O.-fl 

-0.77 

+ 0.24 

33' 28 

rage 

Dec 68 -3.4\ 

-1.07 

-2.60 

-0.24 

-1.90 

Ave -1.32 -0.77 

Standard Deviation 1.31 1.47 ' 1.10 0.70 

Cve rail Ave rage -1.61 -1.06 -1.42 -1.22 

Standard Deviation 1.61 2.13 1.12 1.63 

1 

' 
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Chiburis and Racine, 1971). To eliminate possible errors in 

the reported depths, each of the events was analyzed by 

aligning the P waves at all stations as a function of distance 

and then selecting apparent pP phases based on coherent energy 

across the network. The assistance which such a technique can 

provide is well known and was demonstrated by Chiburis and 

Ahner (1969). The observed (pP-P) time differences were 

converted to depth using the relation of Jeffreys and 

Shimshoni (1964). A comparison between the depths thus 

obtained and the NOS reported depths is shown in Table V. 

Of the 33 event depths, twenty disagree by less than 7 km 

and only seven disagree by more than 20 km of which four 

disagree by more than 60 km. 
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TABLE  V 
i 

A Comparison  Between NOS  Reported  and 
Depths  Determined by pP Observations 

E 
No. 

vent 

29 

Date 

Oct 68 

NOS Depth 
(km) 

pP Depth 

13 

dz 
(km) 

1 7 + 6 

2 31 Oct 68 16 16 ü 

3 06 Feb 67 53 ■ 28 -25 

4 21 Jun 67 17 16 -1 

5 21 Jun 6 7 17 13 -4 

6 23 Jun 6 7 v      9 16 + 7 

7 08 Sep 6 8 12 8 -4 

8 07 May 63 33 13 -20 

9 30 Jun 63 27 9 -18 

10 06 Apr 6i3 39 108 + 69 

11 06 Apr 63 -55 115 +60 

12 02 May 63 81 85 + 4 

13 22 Aug 63 101  . 78 -23 

14 14 Dec 63 95 108 + 13 

IS 14 May 64 15 16 + 1 

16 29 Jun 64 33 ■ 21 -12 

17 ,06 Sep 64 33 134 + 101 

18 20 Nov 64 80 85 + 5 

19 27 Nov 64 113 113 0 

20 21 Dec 64 111 108 -3 

21 08 Feb 65 31 15 -16 

22 08 Mar 65 104, 105 + 1 

23 26 Jun 65 33  - 134 + 101 

24 16 Oct 65 84 97 + 13 

25 24 Nov 65 129 134 + 5 

26 11 Nov 66 91 85 -6' 

27' 31 Mar 67 83 82 -1 

28 05 May 67 102' 100 -2 

29 06 Jul 67 59 54 -5 

30 11 Oct 67 115 113 -2 

31 10 Nov 67 90 93 + 3 

32 04 Dec 67 96 108 + 12 

33 28 Dec 68 80 82 + 2 

■ 
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RELOCATIONS USING A LOCAL NETWORK 

If the pP-determined depths are accepted as being correct, 

a local network can be used to relocate the epicenters of the 

12 events satisfactorily recorded by it, restraining the depths 

to the accepted values and applying no anomalies as corrections. 

The geometry of the local network used for this purpose is 

shown in Figure 3. 

The location-shifts from the 12 NOS reported epicenters and 

the standard deviations of the least-squares time fits for the 

local network are given in Table VI; also indicated are the 

stations used in making each of the locations. We used the 

Herrin (1968) travel time curves. A significant result in this 

table is the improvement achieved in the standard deviation of 

the time-fit location when compared with the standard deviation 

determined from the input location. Except for the Tanana 

subregion, where the improvement is negligible and where the 

local network control is poorest, the resultant standard 

deviations approach those which one would expect from reading 

errors alone. 

Sojue ^ther points relevant to Table VI : the NOS reported loca- 

tion of the Ü6 February 1967 Fairbanks event was clearly in error. 

The standard deviation for six local stations is nearly 4 seconds 

as computed from the NOS epicenter and pP depth. Since the NOS 

location was obtained with a depth of 53 km instead of 28 km, 

it is probable that the depth error was responsible for most 

of the mislocation. Using the local network, the solution 

obtained for this event with a restrained depth of 28 km is 

now consistant with the other events in the Fairbanks subregion. 

Excluding the 06 February 1967 event, the average shift of the event 

■ 
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Figure  3.     Distribution  of  local  stations. 
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set is about 13 km from the NOS epicenters. * geographic pi ^ 

of the location shift vectors is shown in Figure 4. Except or 

two events in the Fairbanks subregion. the directions of tho 

location shifts fro,, the NOS locations vary between east and 

,  southeast. This apparent bias cannot be explained in terms of 

network instability or distribtuion. The relation between 

network geometry and location shift is shown in Figure 5 in 

whuch the station distances are plotted as logarithmic vectors 

along their azimuth lines and the location shifts as lihear 

vectors. The results in this figure do not indicate any 

correlation between the direction of event shift and the 

distribution of the network used for locating that event. In 

this regard, however, it was shown in an earlier report (CMburis 

and Ahner, 1970) that location bias is a function of the 

particular network defined for locating, and that, if a 

constant network is used to locate a set of events  the 

direction and magnitude of the shifts for all events within ■ 
an anomaly region are closely similar. It was further shown 

that, by carefully selecting^ network, virtually any bias 

direction and magnitude one desires could be obtained for the 

same event set. Although a constant network is not used in the 

present case, this "network bias" couid still be a significant 

-factor for producing the observed southeasterly shifts 

because the 12 events were located using networks composed 

largely of the same stations. In particular, stations PJD, TUN 

CM an WH2YK were used in all U  of the locations; .stations  ' 

COL. BIG and BLR were used in nine of the locations. If the 

travel-time anomalies for these stations happen to be large 

the similarity among the'several networks using them may be V 

enough to explain the observed bias. 

In another report (Ghiburis and Racine. 1971), it was 
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Figure 4.  Local network depth restrained locations 
relative to NOS reported locations. 
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shown  that,   although network bias  usually predominates,   a 
^ secondary  and sometime",   consistent bias  can  exist  almost 

reeardless  of the  netwurk  Used,   at  least  for-.-'expi.osions 
in   the "Aleutian  Islands,   and  the  southeasterly^iifts 
observed  oh  Figures   4   and  5  may-p^sibly be  due  to  this 
effect.   In particular  the   local  network locations  may be 
correct  and  the  NOS  epicenters  biased  to  the  northwest. 
This'wpuld be  consistent with-.th<r  northward  shift  of 
LONG-SHOT  observed with  a  telese&smic network,"and  is'the 
Explanation we  prefer.   An  implication would be   that   the 

'Centraf'Alaskan bias   can be   traced  ^o  the  Aleutian under- 
-   ^ ft 

thrusting  lithospheric  slab.   However,   the   Central  Alaskan  •* 
region  is  a structurally  complex  area and the bias may yi 
fact  be   related   to  some  other structural 'feature. 

It  is  important  at   this  poirt  to  compare   the   residuals 
and  least-squares   time   fits  obtained  from  the   local network 
solutions   to  those   obtained  from the  NOS  solutions.   Using- 
the  NOS  hypocenters,   a  residual  ^t  station  i   for'eveiy:  j   can 
be   calculated as 

■/ 

* - 

\ 

RJ 
i 

l\   *   HJ(A,z) 

\ 
where T is the event origin time and the other terms afe as 

o «.        =      ■ . .       ■ 
defined before.   The   roöt-mean-square/of  the   residuals for the 
total  eveht  and  local  station  set' is: , 

■   L j-i i=i ^ j=i.-.-  . ^    ^ . •.-   - 
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j   where N.   is  the number of local  stations  recording  the   ith, 
'event.  The value  of aNOS is   1.658  sec  for\he9€ data-.  Assuming 

that this   figure  generally reflects-the  goodness-of-fit  to 
the  travel-time model used  (in  this^cajse/.Herrin   (1968)),   it 
can be stated that  the  fit  is poor.   However,  since  many of /: 

the stations  within  the  local network shown  in  Figurtev3 were 
not included, in  the NOS solution for these events,   an "origin- 

\ time bias"  for each event shoulc^ be   rem3ve"d from each  real 'ual 
before  combining  the  set;  that  is 

^    ■ 

/ 

RJ   = TJ   . -f j   .  HJ   .  RJ       ' 
.110 1 \ o »• c 

where^   is   the  mean t>f  the  local-station  residuals   for  the   j th 
event:- / 

' ' 12 ■ Ri 
RJ = ^. _     « ' ^ ^ 

■ •  i-1 N •      , 

H^UJ The standard deviation is then calculated as 

IT       \i    i 

aNOS- 

12     N  ' 

■v^'IT^2)/ cX N.) ^il\ 
,    L j=l  i-1 L j = i JJ 

1 

The  value  ofvp°0^ is  1.1 ;&  sac,   a  reduction of 0.48  sec  compared 
to  the  straight  root-meah-square.   This  is  still high enough  to 
indicate  a poor  fit. 

If now  the   standard deviation  of  residuals   is   calculated 
on the basis  of solutions qbtained using  only the  local  network, 
the value  of O^QQ =  0.511 sec.  This   result suggests  that  the 
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crustal and upper mantle model used for the Herrin (1968) 

tables is a reasonably good average representation 6f the 

crustal and upper mantle structure in Central Alaska; this 

suggestion is in essential agreement with conclusions drawn 

by Berg et al..(1967) , who concluded that the P-wave velocity 

in the upper part of the crust in the Fairbanks area "is about 

5.56 km/sec, which is also near the value of 6.0 km/sec used 

in the Herrin (1968) model. 

To test further the appropriateness of the crustal model, 

the local network can be used to locate the events with the 

depth parameter included in the least-squares adjustment. The 

results of doing this are given in Tahle VII. The majority of 

events move only a few kilometers in depth compared -to the 

locations obtained with the depths restrained to a value based 

on pP. The exceptions to this depth stability are the two 

Tanana events, which change in depth by ~.2  km and 25 km upward 

and in epicenter both by about 30 km northward; the reason 

for this is that these/events are not within the geometric 

confines of the local network (Figure 3), so the solutions 

tend to move frort the network in Ihe direction of least 

control. Two other- possible exceptions to the depth stability 

are the events 51 March 1967 and 28 December 1968 in the ^ 

Alaska Range. The unrestrained solution for 31 March 1967  , 

changes-'by ^I'km^pward in depth and 12 km east in epicenter; 

however, this could be e'xplaine* by the low number of recording 

stations whifc'h provides only a single degree-()f freedom in 

the least-squar/s procedure. The 28 Decembervj968 event shifts , 

18 km upward in depth and 13 km east-southeast in epicenter; 

• i-t is not entirely clear why this event shifts, as the network 

is well distributed about the epicenterQänd^the standard i 
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deviation for the restrained case (a,) is small. Conceivably, 

this event may actually be shallower than the depth indicated 

by pP; if pP was mispickjpd by about 3 sec, the depth would 

be in the general range of the- depth-free solution. This possi- 

bility will be further discussed in the next section. 

If the 12 restrained hypocertters determined by the local 

network are now used to compute the anospalies, the results 

show better consistency at most stations. For example,, a 

comparison of the anomalies computed from the NOS location to 

those obtained from the local network is gfven in Table VIII 

for stations TNN, COL and WH2YK, which are part of the local 

network, and for stations NP-NT and OXF, which are teleseismic 

to Central Alaska and recorded a substantial number of the 

events. The improvement in the consistency of the local stations 

for the Fairbanks subregion is expected because of the mislocated 

event 06 February 1967. Because small depth errors are not 

significant for teleseismic stations, the improvement in anomaly 

consistency at NP-NT and^OXF is less significant than at the 

local stations. The overall consistency suggests that the event 

locations within a subregion determined with a local networkr- 

are more accurate (at least relative to one another) than the 

reported locations. ■» 

One could not reject the hypothesis that all of Central 

Alaska is one anomaly region from the OXF data. However for 

NP-NT, (the closest teleseismic station) the Tanana anomalies    , 

(from the events with the worst local network co itrol) clearly 

define a different region. Overall, these data leave open the   • 

possibility that all of Central Alaska is a single anomaly region 

with respect to teleseismic stations farther away than NP-NT. 

This possibility has, of course, already been suggested by the 

consistent northwest bias of the NOS location with respect to 

the local locations. 
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TELESEISMIC LOCATIONS USING CALIBRATION EVENTS 

If a calibration event is selected from each of the three 

subregions in Central Alaska and anomalies at both local and 
teleseismic stations are computed from the restrained hypo- 

centers determined in the previous section, and if the 
anomalies are used as corrections, the events in the respective 

subregions can be located relative to the calibration events. 

In "this way, anomaly stability can readily be evaluated as a 
function of distance between subregions and, to a lesser 

«? extent, as a function of depth. 

The events selected for calibration purposes are 21 June 

1967 Fairbanks (to locate 06 February 1967, 2 3 June 1967  and 
08 September 1968) ; 29 October 1968 Tanana (to locate 31 October 

1968; and 10 November 1967 Alaska Range (to locate 04 December 

1967*, 11 October 1967, 31 March 1967, 28 December 1968  and 
05 Nlly 1967). The location results of subregion calibration 

using confined local and teleseismic stations are given in 
Table IX for both restrained and unrestrained solutions. In 

the Fairbanks subregion, the three events shift about 5 km 
in random directions and the standard deviations of solution 

(a ) reduce to about 0.7 sec, less than half the standard 
deviations obtained without anomalies (ao). The depths do not 

'Change significantly when the solutions are run depth free. 

In the Tanana subregion, the single event shifts about 7 km 
and the depth changes by 2 km. Significantly, the standard 
deviation is now reduced to about 0.5 sec. When compared to 
the standard deviation of 1.380 sec from the restrained hypo- 

center- determined by the local network (ao), it is clear that 

j the anomalies from the calibration event in this area are 
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correcting,   at  least  to  the   first  order,   the  imperfect earth 
model  relevant  to the Tanana subregion. 

For  the Alaska  Range  subregion,   when using  the   10  November 
1967  event   for  calibration  purposes,   the  average   restrained 
shift  of  the   five  events   is  only  about  2.5  km  in  a  random 
direction  and  the  standard  deviations   reduce   to below  0.6  sec. 
When  the  solutions  are  allowed  to  run depth  free,   the  average' 
shift  is   less  than 2  km and the  standard deviations  are  all 
below  0.4  sec except  for  05  May  1967  which  is   farthest   from 
the  calibration event.  Since  the  size  of  ehe Alaska Range 
subregion  is  about ISO*km .by  150  km,   certainly.larger  than  the 
70  km by  25  km accepted  in earlier studies   (Chiouris   and Ahner, 
1970),   it  is  expected that   the   05  May  1967 event would have  the 
poorest   fit.     Foi   the  unrestrained  solutions   in   the  Alaska Range, 
the  depths  of the events  change  only a small amount   (less   than 
S km),  except  for two events,   31  March 1967 and  11  October 1967 
which both  go  deeper by 9| km.   The  standard deviations   of  these 
events   are   reduced  from 01.585   to  0.398  sec  and  0.517   to  0.274  sec 
respectively.   It may be   t/hat   the   depth-free  solutions   are  yield- 
ing more   reliable  depths  for  these   two  events,   although   it  may 
be  that   the  anomalies  are  changing  slightly across  the   region. 
It   is   impossible   to  tell  if these   two events   are   correctly 
located in three  dimensions,  because   the  standard deviations 
may  reduce   only   fortuitously when  using  10 November   1967  as  the 
calibration event.   For example,   if the  31  March 1967^vent, 
restrained  to  a depth of 82 km,   is  used to calibrate  the 
11  October  1967  and  28  December  1968  events,   the  epicenters 
shift   respectively about  1  km  and  14  km with  depth  shifts   of 
4  km downward  and 6  km upward  respectively;   the  standard 
deviations   reduce  to  0.268  and  0.019  sec,   an  almost perfect 
time   fit   for  the   latter.   Only  further  studies  will   remove 
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the ambiguity. ^ -\ 

If the local stations are"removed from the networks and 

only teleseismic stations are used, the results of locating 

both with and without anomalies are as given in Table X. In 

the Fairbanks subregion the shifts are large, but this can be 

explained by poor teleseismic network distribution. Although 

the networks have a large aperture if only extreme azimuths 

are considered (Network Aperture in Table X), the aperture 

is much less if only one or two stations are excluded. A 

network of this type is known to give poor locations. For 

example, the 01 February 1967 event was located with a network , 

having an aperture of 107°; if one station is deleted, the 

aperture (n-1) reduces to 42° and if two stations -are deleted, 

the aperture (n-2) is 24°. . ' 

In the Tanana subregion, the teleseismic network used to 

locate the 31 October 1968 event is fairly stable down to the 

(n-2) aperture and the location shift is about 10 km. However, 

the local network for thi-s^ event is poor with apertures of 157°, 

73°  and 55° down to n-2 stations. In the Alaska Range subregion, 

only two of the events, 04 December 1967 and 05 May 1967 have 

well-distributed teleseismic networks. The shifts are respectively 

3.2 km and 11.1 km; however, as pointed out earlier, the 05 May 

1967 event is farthest from the calibration event and is not 

expected to be as well-located. Although the events 11 October 

1967 and 31 March 1067 have shifts of about 6 km and 9 km 

respectively, this may be coincidental because the (n-2) tele- 

seismic apertures are 41° and 20°, hardly large enough to be 

classed as well-distributed. The 28 December 1968 event has only 

three stations for locating (no degrees of freedom for a 

restrained location) and displays the largest shift. 
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for 05 May  2967 which  is  D.885 set       If J,,' '       ■■      " 
Will-disttlbut.d   local  net   for   IT'- ^   """"^   * 
discard the  10 ta sh,  t Z T       lnltlal  l0Cati0n «  ""    .'    ; 

avara8e erfof of 7 k' 
Tanana eVent  reSUltl^ 'i»  »      / 

When we  compare  the  shifi-c  ^^ «., 

obtained „ithout
PanoM    et       HZ"   T AlaSka Ra"^  ^' 

central Alasjcan events.   We  see  thai-  nn   *k      ' 

of 9-7 ta. 7 km ".^«^i^ly- for an average , - 

Thus,   although \he  reliable   results   are  sparse     a te,        ■      • 
location error  of  3-n   v™   •. u sparse,   a teleseismic     . • 

rrqr  o±  3  11  km,  when anomalies   are, applied i.   n V. 
expected  result     ac   .  J spiled, is   tiie       ,  - "^ 

anomalies  ^l^Z^^ ^ " "  ^^^ 
40 ^ if the  Tanana event isVZll^ ** ^ *™ ** 
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CONCLUSIONS  . 

From a study of earthquakes occurring in Central Alaska, • •■ 
a Continental region as opposed to an island-arc region pr a 

•Uasin-and-rahge region, it has beem demonstrated that the anomaly 

technique is valid, especially if the region is divided*into 

subrcgions according to their anomaly stability. *■ 

It was shown that a local network could achieve•consistent • 

location solution, as regards standard deviation, or. goodness- 

of-fit, relative to the Herrin (1968) travel-time table«. From 

these local locations, anomalies could be determined for both 

local and teleseismic stations and applied to obtain consistent 

soluiions of other ^venr.s in the subregions. 

From the geographic distribution ol the events, there are 

three anomaly subregions in Central Alaska (Tanana, Fairbanks' v 

and Alaska Range) between which the anomalies change significantly 

but within which the anomalies, when applied as corrections, are*"» 

apparently correcting the inadequate earth model (travel- ime 

table). There is some possibility that some of the separation 

into teleseismic subregions is forced by poor locations in the 

Tanana region. The size of the Alaska Range subreg'ion is large, . 

approximately 150 km^by ISO km, whore five events, calibrated 

by a sixth, yield consfstent locations, both in epicenter ajrd 

depth. 

There are some suggestions i.e.^Xy, a consistent 13 km 

southeast bias with respect to NOS epicenters and (2) fair 

teleseismic locations resulting from averaged anomalies, that 

the teleseismic anomaly region ij even larger than the Alaska 

Range subregion. ■• " v 
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The   location  errors,   obtained by  applying  sub-region 

anomalies,   are   less  than  5  km based on  nine  events  when  using 

local/and  teleseisifiic  stations,   and  are   3-l'l   km based  on   three 

even/s  when  ysing  only  teleseismic  stations.      ^ '"^ 
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